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western United S land, management, 
fixed capital, and : j rop alternatives. 
Commodity market returns and program revenues per unit of applied irrigation water are estimated 
by field crop and subregion. Two representative study years - 1984 and 1987 - highlight the effect of 
differing commodity prices and program support levels under extreme market conditions. Aggregate 
returns to irrigation in western field-crop production were fairly constant over the two study years, 
averaging $33 per acre-foot of water. Program revenue contributions per unit-water were highest in 
the Southern and Northern Plains, and lowest in the Northern Mountain and Northern Pacific 
regions. Commodity programs had the greatest impact on returns to irrigation in rice and cotton 
production. Program contributions per unit-water were relatively low for the major food and feed 
grains in 1984; contributions increased significantly with expanded deficiency payments and program 
enrollment in 1987. Under less favorable market conditions, positive returns to irrigation were 
largely dependent on commodity program supports. Commodity policy reform increases 
opportunities for water conservation in western irrigated agriculture. 
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Summary 


This report examines the impact of Federal commodity programs on returns to irrigation in the 
western United States. Returns to irrigation are defined as average returns to land, management, 
fixed capital, and water (above variable water cost), net of returns to dryland crop alternatives. 
Market-based returns and commodity program revenue contributions are estimated per acre-foot of 
applied water, by western subregion and major field crop. Two representative study years - 1984 and 
1987 - highlight the effect of differing commodity prices and program support levels under extreme 
market conditions. Program revenue contributions include deficiency payments and commodity loan 
supports (above market price), adjusted for compliance costs and forgone returns on set-aside acres, 
and net of contributions to dryland production. 


Aggregate returns to irrigation in western field-crop production remained relatively stable over the 
two study years, declining from $34/acre-foot (af) in 1984 to $31/af in 1987. However, modified 
program provisions and market conditions resulted in a substantial shift in the share of returns 
attributable to Federal commodity programs. Under favorable market conditions in 1984, program 
revenue contributions accounted for $8/af, or 7 percent of revenues per unit of water applied. 
Program contributions increased to $22/af in 1987 - or 20 percent of revenues per unit-water - with 
lower market prices, higher deficiency payments, reduced opportunity costs of acreage set-aside, and 
expanded enrollment of irrigated base acreage. Under weak market conditions in 1987, positive 
returns to irrigation were largely dependent on commodity support payments. 


The effect of commodity programs on returns to irrigation differed across western production 
regions. Program revenue contributions per unit-water were largest in the Southern and Northern 
Plains due to extensive acreage in irrigated program crops and generally high program participation. 
Lower program contributions in the Northern Pacific and Northern Mountain regions reflect limited 
acreage shares in eligible program crops, lower deficiency payments per irrigated acre, reduced 
enrollment of irrigated lands, and relatively small return differentials between irrigated and dryland 
crop production. 


Commodity program impacts on returns to irrigation varied significantly by program crop. Program 
contributions per unit-water were greatest for irrigated rice and cotton production, reflecting high 
deficiency payments and program enrollment in each of the study years. Program contributions were 
lower for the major grain commodities - corn, wheat, barley, and sorghum - under favorable market 
conditions in 1984. However, commodity supports per unit-water increased substantially with 
expanded deficiency payments and enrollment under the 1987 wheat and feed grain programs. 


Commodity policy reform enacted under the 1985 and 1990 farm legislation increases opportunities 
for agricultural water conservation. Lower target prices, fixed payment yields, restricted payment 
acres, and more stringent conservation compliance requirements limit program revenue contributions 
per unit of water applied. Meanwhile, fixed payment yields, partial payments on idled acres, and 
expanded crop-flexibility provisions sever the linkage between program benefits and base acreage 
production. Lower program supports and the decoupling of program benefits from production 
should reduce water-use incentives for program crop production, thereby encouraging conservation 
of limited water supplies. Conservation benefits may be enhanced through a broader integration of 
Federal commodity and water policies that targets critical need areas and facilitates water transfers to 
Satisfy those needs. 


Federal Commodity Programs 
and Returns to Irrigation in the West 


Marcel P. Aillery’ 


Introduction 


Agriculture in much of the arid western United States depends on water for irrigation. Irrigated 
agriculture accounts for roughly 80 percent of total water consumption in the West (Solley and 
others, 1993). However, continued urbanization is likely to increase regional water demand in 
municipal, industrial, and environmental uses. Since opportunities for large-scale water-supply 
development are limited and politically untenable, additional water demands will have to be met 
largely through conservation and reallocation of existing supplies. As irrigation is the predominant 
water use, much of the reallocated supply will come from irrigated agriculture. 


Federal commodity programs - through provisions on land use, crop choice and production returns - 
alter incentives for agricultural production and irrigation water use (see box, "Commodity Programs 
and Water Use.") While commodity programs are generally designed with little regard to their effect 
on water demand, attention has focused recently on the implications of Federal farm policy for 
resource use and quality (Just and Bockstael, 1990). As competition for existing water supplies 
intensifies, the benefits of efficient water use increase and an understanding of farm policy effects on — 
water-use decisions becomes more critical. 


This report examines the impact of Federal commodity programs on field-level returns to irrigation 
in the West. Analysis focuses on commodity program revenue contributions per unit-water applied 
in irrigated agriculture, and potential effects of commodity policy on irrigation water use. Specific 
objectives of the report are: ! 


(1) To provide estimates of shortrun, average returns to irrigation across major field crops 
and multistate regions of the West. 


(2) To identify that portion of returns to irrigation attributable to Federal commodity 
payments, across regions and crops. 


(3) To discuss implications of commodity policy reform for water conservation and 
allocation in the West. 





1 Marcel P. Aillery is an agricultural economist with the Natural Resources and Environment Division, 
Economic Research Service, U.S. Department of Agriculture. The author is grateful to Michael Moore, 
Glenn Schaible, Noel Gollehon, Bill Quinby, Mark Kramer, Roger Mann, and John Hostetler for data 
development assistance and helpful comments on earlier drafts of this report. 





Analytical Framework 


Returns to irrigation water are estimated based on a partial, budgeting analysis of commodity market 
returns and commodity program revenues under irrigated and dryland field-crop production. Returns 
to irrigation are defined as returns to land, management, fixed capital, and water (above variable 
water cost), net of returns to dryland crop alternatives. Market and program revenues above 
variable costs for irrigated (harvested) production, less revenue and costs under dryland alternatives, 
are computed per unit-water applied. Commodity program revenue contributions include deficiency 
payments plus commodity loan supports (above market price), adjusted for compliance costs and 
forgone returns on set-aside acres, and net of contributions to dryland production. 


The partial nature of the analytical framework precludes a full examination of farm program impacts 
on agricultural income and water use. Estimated returns to irrigation represent private, shortrun 
average returns at the field level, given observed crop prices and crop acreage allocations. 
Commodity program contributions do not reflect other Federal payments and subsidies to the farm 
sector’, or market adjustments from equilibrium conditions in the absence of farm programs. 
Moreover, return estimates do not capture potential irrigation benefits across farm enterprises (e.g., 
crop rotations, livestock) or irrigation effects on producer risk. The broader societal costs and 
benefits of water use in irrigated production are also not considered. 


Returns to irrigation are reported by production region and major field crop, based on acreage- 
weighted aggregations of state-level budget data across program and nonprogram production. 
Alternative estimates for the 1984 and 1987 production years highlight the effect of differing 
commodity prices and program support levels under extreme market conditions. 


Returns to irrigation were evaluated for 10 crop commodities, representing primary U.S. field crops. 
"Farm program” crops include wheat, corn (for grain), sorghum (for grain), cotton, rice, barley, and 
oats. "Nonprogram" crops include alfalfa hay, other hay and soybeans.’ While commodity program 
provisions do not directly affect returns for nonprogram crops, these crops are included as they are 
often substitute crops and account for significant water use in the West. 


Six western production regions were defined based on comparable climate, cropping patterns, and 
production practices. Study regions include the Northern Plains (North Dakota, South Dakota, 
Nebraska, Kansas), Southern Plains (Oklahoma, Texas), Northern Mountain (Montana, Wyoming, 
Idaho, Utah, Colorado), Southern Mountain (New Mexico, Arizona, Nevada), Northern Pacific 
(Washington, Oregon), and Southern Pacific (California) regions (fig. 1). 





? In particular, commodity program revenue contributions do not include USDA payments for export 
enhancement, disaster relief, conservation, and cropland idled (other than annual commodity set-aside 
acreage). 


3 While commodity loan guarantees are available to soybean producers, soybeans do not qualify for program 
deficiency payments (i.e., target prices and acreage set-aside requirements are not specified). 
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Figure 1. 
Western production regions defined in study 
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Procedures 


Selection of study years. Irrigation return estimates for alternative production years - 1984 and 1987 - 
reflect the impact of markedly different market conditions and commodity program support levels. 
In 1984, market prices were favorable across major program commodities while commodity supports 
were relatively low. By contrast, the 1987 production year is characterized by low market prices 
across the major feed grains and larger commodity program supports. While factors other than 
market price and program payments can influence returns to irrigation, these study years represent a 
range of returns under market condition extremes. 


Selection of representative study years was based on a three-step procedure. First, deficiency 
payment rate as a share of market price, or "deficiency payment-market price" ratio, was computed 
by program crop for the 10 most recent production years, 1984-93 (see appendix table 4 for crop 
prices and deficiency payment rates by year). Second, production years were evaluated according to 
overall market conditions and program support levels. Each production year was ranked from 1 (low 
program/high market) to 10 (high program/low market) based on a simple averaging of "deficiency 
payment-market price" ratios across program crops by production year. Finally, representative study 
years were selected based on (1) production-year rankings for extreme market/program levels and (2) 
best available data for irrigation cost-return calculations. Production-year 1984 had the lowest 
program/market ratio of the 10 years considered. Production-year 1987, with the second highest 
ratio, was selected to represent the high program/low market case due to disaggregation of program 
data specific to irrigated production. (For an overview of commodity programs, market shifts, and 
irrigated acreage, see box, "Commodity Programs - An Historical Context.") 


Calculation of returns. Calculation of returns to irrigation involved a three-stage process, consistent 
with recommendations of the U.S. Water Resources Council (Gibbons, 1986). First, crop returns per 
acre were compiled for irrigated and dryland production at the state level. Crop returns are defined 
as average returns to land, management, fixed capital, and water (irrigated crops), and are calculated 
based on combined market and commodity program revenues above variable production costs per 
crop acre. Program revenue contributions include average deficiency payment per harvested 
program acre‘, plus commodity loan support payments (where loan rate exceeds season-average 
market price), less conservation compliance costs and forgone returns on set-aside acres, weighted by 
share of harvested acreage enrolled by crop and State. Market returns include per-acre yields valued 
at the market price, less variable costs of production. Market returns and program revenue 
contributions are ex post values, and do not necessarily reflect expected preseason returns to 
irrigation. 


Second, crop returns were computed per irrigated acre, net of dryland production returns. Returns to 
irrigation are based on the difference in net returns between a given irrigated crop and the 
predominant dryland (nonirrigated) crop alternative. The incremental return attributable to 
irrigation reflects increased market revenues due to higher yields, often higher production costs with 
more intensive input use (e.g., water, machinery, applied chemicals), and differences in commodity 
program payments across irrigated and dryland production. 





‘ Deficiency payments per harvested acre for the 1984 and 1987 production years do not include partial 
payments under the 0/92 and 50/92 provisions, nor adjustments in eligible payment acres for "normal flex" 
after 1990. 


| Commodity Programs - An ‘Historical Contcx 





Crops may be produced under both irrigated and dryland technologies (e.g., irrigated and dryland 
corn) where natural precipitation provides adequate soil moisture for crop growth. In more arid 
areas of the West, however, dryland production of a given crop may be infeasible or unlikely. In 
such cases, returns to irrigation are calculated based on irrigated crop returns, less returns for a 
representative dryland crop alternative (e.g., irrigated corn and dryland sorghum). 


Third, average returns to irrigation were estimated per unit-water. Return per unit-water is 
calculated by dividing the irrigated-dryland return differential by applied water per acre, for each 
irrigated crop and State. Water-use estimates represent water applied at the field level, after water 
conveyance losses and unadjusted for irrigation drainage return flows. 


Returns to irrigation presented in this report necessarily reflect underlying procedural and 
definitional assumptions. See Appendix A for a review of study data sources, assumptions, and 
equations used in cost-return estimation. 


Commodity Programs and Returns to Irrigation 


This section presents estimated shortrun average returns to irrigation in western field-crop 
production, evaluated in the context of changing market conditions and commodity program 
supports. Average variable cost and return per unit of irrigation water applied (net of costs and 
returns to dryland crop alternatives) are summarized by region and field crop for the 1984 and 1987 
production years (table 1 and fig. 2).° 


Overview of Findings 


Aggregate westwide returns to irrigation per acre-foot (af) of applied water were remarkably stable 
over the 2 years studied. In 1984, irrigation contributed an estimated $34/acre-foot (af) (above water 
cost) to the value of western field-crop production. Under less favorable market conditions in 1987, 
returns to irrigation declined slightly to $31/af as increased commodity supports and reduced dryland 
opportunity costs offset the effect of reduced market revenues for irrigated production. 


Returns to irrigation varied substantially by western subregion, both within and across study years. 
Regional variation reflects local differences in irrigated cropping patterns, water cost and application 
rates, crop yields, market prices, and relative profitability of dryland crop alternatives. In addition, 
commodity program contributions differed significantly due to variation in acreage shares for eligible 
program crops, support levels and set-aside provisions by program crop, and enrollment rates for 
program-crop production. 


In general, returns to irrigation were greatest in the Northern Plains, Southern Pacific, and Southern 
Plains regions due to higher irrigated/dryland return differentials and large acreages in higher-valued 
field crops. Lower returns in the more temperate Northern Mountain and Northern Pacific regions 
reflect extensive irrigation of lower-valued small grain and hay crops, and relatively high returns 
under dryland production alternatives. Intensive consumptive requirements depressed irrigation 
returns per unit-water in the more arid Southern Mountain region, although crop returns per 
irrigated acre were high.* The Northern Plains had the largest combined market and program return 
to irrigation in field-crop production over the 2 study years - $47/af’ - followed by the Southern 
Pacific ($44/af) and Southern Plains ($42/af) regions. Returns to irrigation were lower in the 
Southern Mountain ($20/af), Northern Mountain ($16/af), and Northern Pacific ($12/af) regions. 


Cotton accounted for the largest average return to irrigation ($77/af) among field crops, followed by 
irrigated corn ($64/af) and rice ($59/af). Other grain crops that are storable and readily produced 
with natural moisture over much of the United States - including sorghum ($29/af), wheat ($12/af), 





* For irrigation costs and returns per acre by region and crop, see app. table 6 and app. fig. 1. 

* Relative returns to irrigation (per unit-water applied) may contrast significantly with relative crop returns 
per irrigated acre (app. table 6) due to variation in water application rates and dryland production 
possibilities across irrigated crops and regions. 


’ Values represent an acreage-weighted average of 1984 and 1987 study year estimates from table 1, column 6. 
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Table 1 -- Average variable cost, market return, and commodity program revenue contribution per unit-water 
applied in irrigated field-crop production, by western region and crop westwide, 1984 and 1987 1/ 





(1) (2) (3) (4) (5) (6) (7) 


Variable Total Market Commodity Market Combined Program 
irrigation variable revenue program return return revenue 
cost cost (TVC) “per af revenue above TVC above TVC as a share 
per af per af per af per af per af of combined 
(3) - (2) (4) +(5) revenue 
(4) / (3+4) 
$/af $/aft $/af $/af $/af $/af Pent 
1984 All field crops, 
westwide 36.10 82.20 108.60 90 26.40 34.30 6.8 
All field crops, 
by western region 
N. Plains 44.40 99.10 146.70 4.20 47.60 51.80 2.8 
S. Plains 50.10 103.50 129.60 22.80 26.10 48.90 alley (0) 
N. Mountain 28.10 52.40 71.20 2.00 18.80 20.80 ial 
S. Mountain 29.70 88.40 97.20 8.80 8.80 17.60 8.3 
N. Pacific Zieh O 59-90 74.10 0.90 14.20 TSO ee 
Sa) Pacueac 25.80 88.00 101.60 11.80 13.60 25.40 10.4 
By field crop, 
westwide 
Wheat 37.80 oe sO) 81.40 9.30 2.10 11.40 aliens} 
Corn 43.10 110.80 174.30 4.00 63.50 67.50 eis 
Sorghum 42.20 1.39.0 1032.0 8.40 27.20 35.60 eh 
Cotton 36.30 120.30 152.40 28.30 32.10 60.40 US ier? 
Rice 26.20 74.10 70.70 54.00 -3.40 50.60 43.3 
Barley 28.80 SileaG 61.50 1.20 4.40 5.60 a9 
Oats 26.80 48.50 35.00 0.20 =13750 -13.30 0.6 
Soybeans 47.50 69.60 TTT 70 == 42.10 42.10 -- 
Alfalfa hay 32.40 61250 88.40 = 26.90 26.90 -- 
Other hay 25.40 45.40 _ 30.40 -= -15.00 -15.00 -- 
1987 All field crops, . 
westwide 34.50 78.00 86.80 22.20 8.80 31.00 20.4 
All field crops, 
by western region 
'N. Plains 43.10 DOES 0 104.70 36.60 5.40 42.00 Zo) 
S. Plains 49.70 105.40 102.60 37570 -2.80 34.90 26.9 
N. Mountain 25-90 47.00 51.60 7.70 4.60 227540 13710 
S. Mountain 29.60 88.90 99° 10 27D 10.20 22.450) 5: LORS 
N. Pacific 26.90 56.30 58.30 6.10 2.00 8.10 5) 
S. Pacific 25 0 82.10 125.60 20.50 43.50 64.00 14.0 
By field crop, 
westwide 
Wheat 36.40 76.70 55.60 32.80 -21.10 plat Ae) 37.2 
Corn 42.50 108.80 125.90 44.20 a7) $20) 61.30 26.0 
Sorghum 41.00 Sr) 537,10 44.50 -22.60 21.90 45.6 
Cotton 36.30 227 5610 : 178.20 35.30 60.60 557700 165 
Rice 26.20 Tino, 93.70 49.20. 21.40 70.60 34.4 
Barley 28.30 55.60 55,20 8.50 -0.50 8.00 13.4 
Oats 26.90 46.10 34.20 0.20 -11.90 -11.70 0.6 
Soybeans 45.40 68.50 79.60 -- Tiwad ai30 = 
Alfalfa hay 29.60 56.90 70.80 =i 23-90 13.90 -- 
Other hay 24.40 42.30 25 ho ed -16.60 -16.60 -- 


eee ree =F 


1/ Estimates are net of dryland cost/returns, and 
acreage-weighted across program and nonprogram production. 
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barley ($7/af), and oats (-$13/af) - had lower returns to irrigation. Among nonprogram field crops, 
average returns to irrigation were highest for soybeans ($27/af) and alfalfa ($20/af). Negative returns 
to irrigation for oats and other-hay suggest that dryland production, in the aggregate, was more 
profitable under prevailing market conditions, and that low returns to irrigation may be offset by risk 
considerations involving livestock forage production. 


Commodity program revenue contributions. Differing market conditions and commodity support levels 
over the 2 study years resulted in a substantial shift in the share of returns to irrigation attributable 
to Federal commodity programs. In 1984, commodity programs contributed an estimated $8/af in 
irrigated field-crop production westwide (above contributions to dryland crop alternatives), or 7 
percent of revenue generated per unit-water applied. Under less favorable market conditions for 
major food and feed grains in 1987, returns to irrigation were much more dependent on commodity 
programs. While the share of irrigated acreage in program crops declined, total program revenues 
expanded with higher deficiency payment rates, reduced opportunity costs of acreage set-aside, and 
increased enrollment of irrigated base acreage. Aggregate westwide program contributions rose to 
$22/af, or 20 percent of revenue generated per unit-water applied. 


The relative effect of commodity supports on returns to irrigation varied across western production 
regions. Average program revenue contributions over the 2 study years were greatest in the 
Southern Plains ($30/af) and Northern Plains ($21/af)*, reflecting extensive acreage in eligible 
program crops and high rates of irrigated enrollment. Commodity programs had a smaller impact on 
returns to irrigation in the more humid Northern Mountain ($5/af) and Northern Pacific ($3/af) 
regions due to large irrigated acreage in nonprogram crops, lower deficiency payments and 
enrollment for irrigated program-crop acreage, and relatively high payments and enrollment for 
eligible dryland acreage. Higher program revenue contributions in the arid Southern Pacific ($16/af) 
and Southern Mountain ($10/af) regions are attributable to heavy enrollment in the cotton program. 


The importance of commodity program supports varied significantly by crop. Average program 
revenue contributions were greatest for rice ($52/af) and cotton ($32/af), reflecting high program 
payments and enrollment in each of the study years. Average program contributions were less for 
the major grain commodities - wheat ($20/af), corn ($25/af), and sorghum ($25/af) - although 
expanded payment rates and enrollment under poor market conditions in 1987 resulted in sharply 
increased support levels. Program revenue contributions were lowest for irrigated barley ($5/af) and 


oats ($0/af). 


The percentage share of revenues attributable to commodity programs highlights the relative 
importance of market and program contributions to returns to irrigation across irrigated program 
crops. Rice productior. accounted for the largest program revenue share (39 percent) over the 2 
study years’, followed by irrigated sorghum (24 percent) and wheat (23 percent). Large program 
contributions for irrigated cotton accounted for a relatively small share of total revenues (16 percent) 
due to favorable cotton market prices in both study years. Program revenue contributions comprised 
a lesser share of total revenue for irrigated corn (14 percent), barley (7 percent), and oats 

(1 percent). 





8 Values represent an acreage-weighted average of 1984 and 1987 study year estimates from table 1, column 4. 
Values represent an acreage-weighted average of 1984 and 1987 study year estimates from table 1, column 7. 
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In many cases, higher deficiency payments under irrigated production (relative to dryland production) 
represented a substantial share of positive net returns to irrigation. Indeed, the viability of irrigation 
for marginal field crops - and major crops under depressed market conditions - was often dependent 
on commodity program supports. Return estimates suggest that without commodity programs, much 
of the irrigated acreage in rice, wheat, barley, sorghum, and oats would revert to alternative irrigated 
crops or to dryland production, as market prices alone have not been sufficiently high in all years to 
cover the higher costs of irrigated production.” 


Returns to Irrigation by Western Region 


The following discussion, organized by western production region, assesses the relative contribution 
of Federal commodity programs to returns to irrigation over the 1984 and 1987 study years. Primary 
factors underlying regional variation in returns are highlighted in table 2. 


Northern Plains. Commodity program effects on returns to irrigation in the Northern Plains varied 
significantly with grain market conditions. Program revenue contributions of $4/af (3 percent of total 
revenue)" in 1984 reflect moderately low deficiency payments and enrollment in irrigated grain 
production. Combined market and program revenue contributions were highest among regions, due 
largely to favorable market prices for corn and soybeans. In 1987, program contributions increased 
to $37/af (26 percent) with higher deficiency payments, reduced opportunity costs of acreage set- 
aside, and near-full enrollment across irrigated grain crops. Total returns to irrigation remained 
strong as expanded program supports offset the loss in market revenues (fig. 3).” 


Southern Plains. Commodity programs had a major impact on returns to irrigation in the Southern 
Plains. Program revenue contributions of $23/af (15 percent) in 1984 were largest among regions, 
reflecting extensive acreage in eligible program crops coupled with high deficiency payments and 
enrollment. Higher total returns to irrigation reflect large program contributions, favorable market 
prices for cotton and grains, lower dryland yields under moderate drought conditions, and high 
productivity of applied water.” In 1987, returns to irrigation declined with reduced market prices 
for grain and hay crops and higher dryland yields. However, program contributions increased to 
$38/af (27 percent) wit expanded deficiency payments and enrollment. Negative market returns to 
irrigation suggest that dryland production was generally more profitable under prevailing prices, and 
that commodity program supports were needed to achieve positive returns to irrigation. 


While crop market returns per irrigated acre were generally positive under poor market conditions, negative 
market returns per unit-water for some crops indicate low aggregate returns to irrigated production relative to 
dryland cropping alternatives. 


‘' Percentage values in parentheses here (and throughout the discussion of returns by region and field crop) 
indicate the share of total revenue attributable to commodity programs. 


? Sustained irrigated acreage expansion in the Northern Plains - due in part to strong returns to irrigation - 
contrasts with other western regions where irrigated acreage has stabilized or declined. 


High returns per unit-water in the Southern Plains contrasts with lower returns per irrigated acre, 
attributable in part to widespread use of deficit irrigation and relatively low irrigated yields in the region. 
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Northern Mountain. Commodity programs had a lesser impact on returns to irrigation in the 
Northern Mountain region, although program revenue contributions accounted for a substantial 
share of net positive returns per unit-water. Returns to irrigation were moderately low in 1984, as 
the effects of favorable market conditions and low water cost were offset by lower-valued irrigated 
crops, relatively high returns to dryland production, and limited commodity program supports. 
Market revenues accounted for nearly all returns to water. Program contributions of just $2/af (3 
percent) reflect small acreages in eligible program crops, low payment and enrollment rates for 
irrigated program prod:ction, and relatively high dryland enrollment.” In 1987, returns to irrigation 
fell with reduced market prices for small grains and favorable dryland yields. Program contributions 
increased to $8/af (13 percent) with expanded payments and enrollment in irrigated small-grain 
production (fig. 4). 


Southern Mountain. Commodity programs had a moderate impact on returns to irrigation in the 
Southern Mountain region. Program revenue contributions of $9/af (8 percent) in 1984 were 
attributable largely to high deficiency payments and enrollment under the cotton program. Total 
returns to irrigation were relatively low, as intensive water applications lessened the effect of strong 
irrigated yields and limited dryland production alternatives. In 1987, favorable cotton price and yields 
prevented the decline in market revenues observed in major grain-producing regions. Program 
contributions increased slightly to $12/af (11 percent) as expanded irrigated enrollment offset a 
reduction in cotton deficiency payments. Lower regional returns per unit-water contrasts with high 
crop returns per irrigated acre (app. table 6). 


Northern Pacific. Commodity programs had a lesser impact on returns to irrigation in the Northern 
Pacific, although commodity payments accounted for a substantial share of net positive returns per 
unit-water. Returns to irrigation in 1984 were lowest among western regions due to extensive 
acreage in lower-valued field crops, the relative profitability of dryland production, and limited 
program supports. Net program contributions of just $1/af (1 percent) reflect limited eligible 
program acreage, low program payments and enrollment for irrigated land, and relatively high 
dryland enrollment. In 1987, returns to irrigation declined with reduced market prices across major 
irrigated crops, despite dry conditions over much of the region. Program contributions rose to $6/af 
(9 percent) with higher payment and enrollment rates for irrigated small grains (fig. 5). Low returns 
per unit-water contrast with higher crop returns per irrigated acre (app. table 6). 


Southern Pacific. Commodity programs had a moderately high impact on returns to irrigation in the 
Southern Pacific region. Returns per unit-water were relatively strong in 1984, as the combined 
effect of high-valued field crops, high irrigated yields, large deficiency payments, and low water costs 
offset intensive water use per irrigated acre. Commodity programs contributed $12/af (10 percent), 
despite reduced enrollment among program commodities (other than rice). In 1987, program 
contributions rose to $21/af (14 percent) with expanded deficiency payments and enrollment. 
Meanwhile, market-based returns increased - in contrast with major grain-producing areas - due to 
favorable prices for cotton and rice, generally strong irrigated yields, and very dry conditions across 
much of the region. Combined returns to irrigation of $64/af were highest among western regions. 


14 Tn the Northern Mountain and Northern Pacific regions, lower irrigated enrollment rates contrast with high 
dryland enrollment. As returns to irrigation are calculated net of program revenues under dryland cropping 
alternatives, high dryland enrollment reduces reported program revenue contributions per unit-water applied. 
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Returns to Irrigation by Major Field Crop 


The following discussion assesses the relative importance of commodity program revenue 
contributions, by major field crop. Primary factors underlying crop variation in returns to irrigation 
are highlighted in table 3. 


Wheat. Wheat program supports had a relatively modest effect on returns to irrigation, although 
program payments comprised an important share of net returns to irrigated wheat production. 

Lower returns per unit-water in 1984 reflect reduced market-based revenues per irrigated wheat acre 
and the relative profitability of dryland wheat in major producing areas. Program revenues 
contributed $9/af (10 percent) in irrigated wheat production. In 1987, substantially higher wheat 
program supports offset a decline in market returns. Program contributions of $33/af (37 percent) 
reflect increased deficiency payments, reduced opportunity costs of wheat set-aside, and expanded 
program enrollment. Under less favorable market conditions in 1987, positive returns to irrigation 
were generally dependent on support payments under the wheat program (fig. 6). 


Corn. The effect of the feed grain program on returns to irrigation varied significantly with market 
conditions. In 1984, returns to irrigation for corn were highest among field crops due to 
exceptionally favorable corn market prices. Program revenues contributed just $4/af (2 percent). 
Returns per unit-water remained strong in 1987 as low corn prices were offset by higher irrigated 
yields, declining markei returns to dryland cropping alternatives, and increased program supports. 
Large program contributions of $44/af (26 percent) reflect higher deficiency payments, reduced 
opportunity costs of corn set-aside, and near-total enrollment of irrigated corn acreage. 


Sorghum. The feed grain program had a varying impact on returns to irrigation for sorghum. High 
returns to irrigation in 1984 reflect favorable sorghum market conditions. Program revenues 
contributed $8/af (8 percent). In 1987, program contributions rose to $45/af (46 percent) with higher 
deficiency payments, reduced opportunity costs of sorghum set-aside,.and expanded program 
enrollment. However, total returns per unit-water declined due to reduced sorghum prices and 
strong dryland-sorghum yields across the Plains States. As with wheat, commodity program supports 
were needed to achieve positive returns to irrigation in sorghum production (fig. 7). 


Cotton. The cotton program had a significant impact on returns to irrigation in each of the study 
years. Favorable market conditions and program supports in 1984 resulted in strong returns per unit- 
water applied in cotton production. Program revenue contributions of $28/af (16 percent) reflect 
high deficiency payments and enrollment for irrigated cotton. In 1987, market-based returns 
expanded with high cotton prices, strong irrigated-cotton yields, and reduced returns to dryland 
cropping alternatives. ‘At the same time, program contributions rose to $35/af (17 percent) as 
increased cotton enrollment offset lower deficiency payments and higher opportunity costs of set- 
aside. Combined returns to irrigation of $96/af were highest among western field crops. 


Rice. The rice program had a significant impact on returns to irrigation. In 1984, program 
contributions of $54/af (43 percent) were largest among western field crops due to exceptionally high 
deficiency payments and program enrollment. Positive returns to irrigation for rice were largely 
dependent on program supports. Limited market-based returns reflect high production costs and 
intensive water use in rice production, and favorable market conditions for dryland crop alternatives. 
Returns to irrigation increased in 1987 with improved rice yields and sharply reduced market returns 
for dryland cropping alternatives. Program contributions slipped to $49/af (34 percent) as higher 


18 


*sizeaX uotqonporzd Lgé6ét pue P86T SU TeAO paqubtem-abeaioe are senteA /T 


| | ee utequnow ‘Ss | 
Tajem BOeJAINS JSOD-MOT UO soUeTTaI Aneay - | | lec oTzToed ‘N | 
uotbaxr utequnow “N 9eyy UT PeqerTQUSsD.UOD UoTIONpord paqebrszzr - | -- -- | Let Sz | zo uTeRUNOW “N | zayj0-AeH 
azoe peqebtazi~ ated asn zaqem ybty - | | nz OTytToed ‘N | 
4SemM ey UT sbeazoe doxzd-ptetyz peqeBtazt Jo %6z A0J squNodoY - | | | 9T Dtztoed -s | 
seere uot AoOnpolrd ejyTesTe JO uoTANqTAASTp apt - | -- -- | Cer TE | 8b utequnoW “N | JTw-AePH 
| | | 
ezoe peqebyazzy aed esn rajem moq - | | | | 
Zajem punoizh ysoo-ybty jo asn Aneay - | | inn sutetd ‘Ss | 
SUTeETd “N 843 UT paqerqusou0d. uoTIONpord paqjebrazzy - =| -- -- a) LP | 6 SUTETd ‘N | sueraqhkos 
| | | 
quewTTOtue werboird pejebtazxzt pue squewtked Aduatotyap mo7q - | | ib whe OTJTOed °N | 
T9JEM VDeJANS ASOD-MOT UO soUeTTeEI Aneay - | | | ae suTeTd “N | 
uoTher uTequNOW “*N eYyA UT peqerzquaeduOD uot QONpozd pajebrzaI - | BD 9T’0 [ec Ee | 99 uTe QUNOW “N | S380 
| | | 
quewT Torus werzbord pajebtz1~ pue squeuxed Aouatotjep moq -— | | | 6 oTsToOed ‘N | 
Tem BDEJAINS YSOD-MOT UO soUeTTEI AneaH - | | [i eEZe OTzTOeg ‘Ss | 
uot6azr utequnow “N 9eyQ UT paqjerqUa.uU0D uotjonpord paqjebtzar - | BE PEO | S°t 6z | 69 uTeVUNOW “N | Aataeg 
| | | | 
quewT {Totus werboid pajebtz1zy~ pue squewtked Aduatotzep yStH - | | | | 
ieqem asoeyJAIns 4sOd-MOT JO asn Aaeay /azde ted oesn A9aQReM SsATSsuSeqUr - | | | Sb sutetd “S | 
qseoo FIND sexal pue eTUIOJTTeD TeIqUSD OF paqTWTT uoTIONpord uzeqsem - | 192 T6°0 | vb 9Z | ss oTstToed “Ss | aoty 
| | | | 
ezoe werhord peqebyz1y¢ aed squeuxed Asuatotyep yhtH - | | i Ge oTytToed “Ss | 
. eroe pajebyizy aed asn raqem YBTH - | | ee uTequnow “Ss | 
suotbext 1atj-urey ANOS ptzre asyq ssozrDe UOTIONpoAd uo0j}jOD uUXSAsaM - | SLT 69°0 lee cace 9€ | 8b sutetd “Ss | uo q 30D 
| | | | 
azoe werhord pajebtz1z aed squewked Aduafotjap azamoq - | | ‘ | -% uTequnow ‘N | 
Zejem punoi6 ysoo-ybty jo esn Aneay ‘faroe ted asn raqem ramMoq - | | | 7 sutetd ‘Ss | 
suTeTd SY UT peqerqueouod. uot IOnpozd pajebrazzy - =| 89 79°0 ee cat Zb Le. SUTETd “N | wnyb10S 
| | | | 
QuewT{Tortue werboid pajebyrzzt pue squewXed Aouatotyep rzeyhtH - | | laeG SUTETd “Ss | 
aejem punoib jo esn Aaeoy ‘sutetd “N 843 UF PaqerQUadUOCD UOTIONpoIg - | | enc uTeqUNOW “N | 
359m 943 UF eHeatoe dorzd-pTetz pajebyzrzz Jo 4Gz OZ squnoooy - | 68 SEO | feet €p ee SUTETd ‘N | uzoD 
| | | | 
uot jonpoid pueTtAzp 09 suaznjez ybty ATaatjerzedwop - | | | et SUTETd ‘N | 
QuewTTOrue werbord pajebyarzyz jo saqexr ramoq - | | | sz suTeTd “Ss | 
seere uof jonpord qeoym peyebyAzry Jo uoFAnqtzyAstp eptm - | L8 €9'°0 jmetaat Le li Oe uTequnow °N | qeoum 
| | | | 
| oe/s§ quod | oe/ze ye/s | 3uoa | 
| | | | 
SjuauU0D | swe1rbo1id | | @ptaqsem | 
| arzoe Ay}powwos | | paqebyaz2t | 
| werbord uy peTTozue | | jo azeys e suotbax | 
| poeqebyz2F abearoe | are zed je zed | se aBearse uoy onpord | 
| zed quewXked paqebt3z1t | pattdde  4soo | paqebtazat payebrazat | doio 
| Asuatotsjeq jo szeyus | zeqeM zaqjem | T[euotbay zoCew | pe jebtazr1 
| | | 


/t doxz> ptatz zofew Aq ‘uot AeHbtazxzyt 0 suarnqjexr Hurqdazje szojoeg -- ¢ aTqQeL 


AsOvd 'S 


| OslOVd ’S 


ye sed ‘uogngiquce a ye sed 4800 se ye Jed 4soo ya Jed Ysoo 


enueass wesBoig 


OAsIOVd ‘N 





OsIOVd 'N 


J@AO WN}SJ JaXTEW BIGBLBA LI O{QEBA LIUON Baie 


uojBey uo|Bey 
NLA ’S ‘NLN'N = SNIW1dS_—s SNIVId ‘N DsINVd"S dIsIOVd'N NIW'S ‘NLN'N ss SNIV1d ‘S 


LB6L - U1OD © Z86L - WOUM 
uo|Bey | uo|Bey 
NLS ‘NLUA 'N SNIW1d 'S SNIV1d ‘N AdIOVd ‘S DsIOVd'N NLA *S “NLA 'N SNIW1d ‘'S 


p86} - U0D p86l - BOUM 


UlOD pure yay 
uojonpold doJso-pjayy poyeBy4yy uy 49yem-]]UN Jod Usnjos pue ysoo ebesoay 


9 SYNDIA 





SNIV1d 'N 


ose 


s8/$ 





20 


’ 
1 


ye sed 'voANaiquCS a ye Jed 4s00 sea 





enueass WweiBold S80 LUNIA JOE 
uo|Bey 
OAsOvd "S  DsOVd '‘N NUN ‘S "NLA ‘N SNIVId‘S — SNIW1d ‘N 
(os) 
0 
0s 
001 
Ost 
002 
0sz 
42/$ 
L86L - UONOD 
uo|Bey 
OASOVd “S DAsOVd 'N NL ’S ‘NL ‘N SNIV1d‘S = SNIV1d 'N 





42/$ 


PB6L - UOHOD 


uo}y05 pues wnyBios 





AsdIDVd 'S 


AsNVd S 


OAFIOVd 'N 


AsIDVd "N 


L86L 


ye Jed s00 
B{GBUBA UILON 


unyb10s 


uo|Bey 


NLA *S 


v86l 


“NUA'N 


winuBios 


uononpoid doi9-pjoy poyeBys4) uy 49yeM-}J]UN 19d UsNje1 pue SO eBe10AY 
ZayNDdIs 








21 


opportunity costs of rice set-aside offset an increase in program payments and enrollment (fig. 8). 


Barley. The feed grain program had a lesser impact on returns to irrigation for barley. Low returns 
in 1984 reflect limited market-based returns and program contributions per irrigated ba: ley acre, and 
relatively high returns to dryland barley production. Program revenues contributed just $1/af (2 
percent) due to low deficiency payments and enrollment for irrigated barley. Returns to irrigation 
increased in 1987 as program contributions of $9/af (13 percent) offset the decline in market 
revenues per unit-water. 


Oats. The feed grain program had a minimal effect on returns to irrigation in oat production. 
Limited program contributions reflect lower deficiency payments and enrollment for irrigated oats 
and relatively high enrollment of dryland oats. Negative market returns per unit-water indicate low 
profitability of irrigated oats relative to dryland production on a westwide basis (fig. 9). 


Soybeans. Federal commodity programs had little direct impact on returns to irrigation in soybean 
production, as market prices generally exceeded the loan rate for soybeans in each of the study years. 
High returns to irrigation in 1984 reflect favorable market prices and lower production costs for 
itigated soybeans. Reduced returns in 1987 were attributable primarily to increased dryland soybean 
yields across the Northern and Southern Plains. 


Alfalfa hay. Commodity programs had little direct effect on returns to irrigation in alfalfa hay 
production, since alfalfa does not qualify for deficiency payments or loan supports.” While returns 
per irrigated alfalfa acre were fairly strong, intensive irrigation applications limited returns per unit of 
water applied. Returns to irrigation were relatively high in 1984; returns declined with reduced 
alfalfa prices in 1987 (fig. 10). 


Other hay. Commodity programs had little direct effect on returns to irrigation in nonprogram other- 
hay production. Market returns per unit-water were lowest among field crops in each of the study 
years, indicating low profitability of irrigated hay production relative to dryland hay on a 

westwide basis. However, reported returns do not reflect the benefit of irrigation in ensuring 
adequate hay supplies for livestock enterprises. 


Returns to Irrigation Through the 1990’s 


Federal commodity programs are likely to be modified under the 1995 farm bill. Various proposals 
under consideration call for reduced budgetary outlays for deficiency and loan payments, greater 
reliance on market signals through lower support levels and increased planting flexibility, and 
expanded environmental provisions. Meanwhile, debate continues over ratification of negotiated 
terms under the Uruguay Round of the General Agreement on Tariffs and Trade (GATT). The 
GATT agreement seeks to reduce agricultural trade barriers through reductions in subsidies, tariffs, 
and import quotas for farm commodities. Prospects of lower farm supports and higher commodity 
prices under a successful GATT trade agreement, and the potential for further legislation to achieve 
targeted reductions in Federal expenditures, suggest a continuing decline in commodity program 


* As alfalfa is a primary feed component for western dairy production, returns to irrigation in alfalfa 
production are indirectly supported through the Federal Dairy Program (not considered here). 
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payments through the 1990's. 


Reduced commodity program supports may affect the level and variability of returns to irrigation in 
western field-crop production. The direction and magnitude of the effect will depend on crop 
market conditions. In general, deficiency payments per unit-water rise (fall) as market prices fall 
(rise). Reduced support levels can be expected, however, to restrict program revenue contributions 
and strengthen market share of total revenue for a given market price. 


The prospect of reduced commodity supports is compounded by potential increases in the cost of 
irrigation. Higher energy prices would raise the real cost of irrigation pumping and system 
pressurization. Ground-water pumping costs may further increase due to declining aquifer levels - 
most notably in the Southern Plains, Mountain, and Southern Pacific regions. Political pressures are 
mounting to raise the price of purchased surface water provided by Federal water projects”, while 
pumping and drainage surcharges have been proposed to control ground-water overdraft and water- 
quality degradation. 


Regional effects of commodity policy reform on returns to irrigation will depend on regional 
cropping patterns, market conditions for crops produced, the irrigated sector’s reliance on commodity 
programs, and local adjustments in irrigation water cost and supply. Reduced commodity supports 
may have a substantial impact on returns to irrigation in the Northern and Southern Plains, where 
irrigated production of program crops is significant and program participation is historically high. 
Impacts may also be significant in the Southern Pacific and Southern Mountain regions where 
heavily supported irrigated cotton and rice are concentrated. Reduced supports are likely to have 
lesser aggregate impacts in the Northern Mountain and Northern Pacific regions, due to large 
acreages in nonprogram hay crops, lower deficiency payments for irrigated small grain production, 
and historically low levels of program enrollment. However, local impacts may be important in these 
regions as small program revenue contributions account for a significant share of net returns to 
irrigated production. 


'* The U.S. Bureau of Reclamation supplies water to roughly 25 percent of western irrigated acreage. Much 
of this water is provided at "below-cost" water prices, although subsidies vary widely due to differences in 
capital investments and costs recovered (Moore and McGuckin, 1988). The Reclamation Projects 
Authorization and Adjustment Act of 1992 (P.L. 102-575) re for renegotiation of contract prices for 
Federal project water in central California. 
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Opportunities for Water Conservation — 


The U.S. Department of Agriculture identifies irrigation water conservation as one of the primary 
agricultural policy objectives for the 1990’s (USDA, 1989). Improved irrigation management can 
help to offset the effect of rising water costs and restricted water supplies on producer income. At 
the regional level, conservation of irrigation water supplies is considered essential to meeting future 
water demands for agricultural, urban, and environmental uses. Water conservation may also 
enhance surface- and ground-water quality, since irrigation drainage contributes to pollutant loadings 
of collecting water bodies. USDA supports water conservation in irrigated agriculture through local 
demonstration projects, onfarm technical assistance, and cost-sharing for improved irrigation systems. 


Commodity policy reform - motivated primarily by budget-control and competitiveness considerations 
- may also serve to lessen agricultural water demand. Lower deficiency payment rates, fixed payment 
yields, and reduced payment acres restrict revenue contributions under the commodity programs, thus 
reducing water-use incentives in irrigated program production. Reduced loan rates that lower 
market-clearing prices for program crops may further lessen water-use incentives for participating 
and nonparticipating irrigators. Meanwhile, fixed payment yields and expanded planting flexibility on 
base acreage severs (at least temporarily) the link between commodity program benefits and applied 
water. As a result, participating irrigators can limit their water use with only minimal reductions in 
program revenues. 


Adjustments in Water Use 


The effect of commodity policy reform on water demand will depend on the nature and extent of 
production adjustments in irrigated agriculture. Water conserved through adjustments in commodity 
programs represents a potential source of water supply for non-agricultural uses, particularly during 
water-short years. Net water savings may be tempered, however, by the offsetting effects of reduced 
program participation, lower ARP set-aside requirements, declining CRP enrollment, and modified 
cropping patterns. 


Changes in commodity policy will affect total acreage under irrigated production. Reduced 
commodity supports may slow expansion of irrigated program base on newly developed land. 
Compliance restrictions further limit irrigation development on environmentally sensitive lands with 
highly erodible or hydric soils. Conversion of dryland base acreage to high-yielding irrigated 
production may also be reduced, since deficiency payments are indexed to fixed historic yields. 
Where irrigation costs are high and natural precipitation is sufficient for crop growth, lower 
commodity supports may favor dryland production on formerly irrigated acreage. 


Total cropland irrigated may also be affected through voluntary, short-term idling of base acreage 
under the commodity programs. Through the 0/85 provision for wheat and feed grains and 50/85 
provision for cotton and rice, producers may devote a portion of "maximum payment acreage" (crop 
base less ARP set-aside and normal flex) to conserving land uses.” In return, producers receive 





7 Wheat and feed-grain producers may enroll all of their payment acreage under 0/85. Cotton and rice 
producers must plant at least 50 percent of their maximum payment acreage to cotton or rice under 50/85. 
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deficiency payments on designated acres in excess of 15 percent of maximum payment acreage, while 
retaining base eligibility for future program benefits.” Under less favorable market conditions, 
irrigated crop production may generate only a small net increase in producer income above partial 
deficiency payments for idled base acreage.” Incentives to idle program base will depend on the 
level of partial payments for idled acreage, the incremental return to irrigated program production, 
market returns to eligible nonprogram crops or conserving uses, and producer opportunities for 
unused water supplies.” 


Commodity policy reform may induce shifts in cropping patterns, with implications for agricultural 
water demand. Reduced support levels for program crops and expanded planting flexibility on 
program base acres are likely to increase the share of irrigated acreage planted to nonprogram field 
crops.” Expanded market returns on flex and 0-50/92 acreage may offset lower program payments 
per unit of water applied. Changes in production may also induce changes in market prices for some 
crops.” Opportunities for water conservation will depend on whether flexibility provisions and 
relative crop returns favor less water-intensive crops.” 


Commodity policy reform measures may also affect applied water per crop acre. Lower program 
supports and fixed payment yields reduce incentive to maximize production on existing irrigated 
acres. Producers may choose to deficit-irrigate (apply less water than required to achieve maximum 
yields) without loss of program benefits. Potential increases in market returns are greatest where 
irrigation supplies are limiting and water costs are high. 


* Partial deficiency payments for idled program base was introduced under the 0/92 and 50/92 provisions of 
the 1985 farm bill. The 0/85 and 50/85 provisions, in effect since 1994, restrict the share of maximum 
payment acreage eligible for deficiency payments (from 92 to 85 percent). Producers may continue to qualify 
for 0/92 and 50/92 in cases where payment acreage is planted to approved crops (e.g., minor oilseeds, 
industrial crops) or natural weather conditions result in failed crops or prevented. planting. 


” Under 0/85, wheat and feed-grain producers who idle all their eligible payment acreage would forgo 15 
percent of deficiency payments per idled payment acre, in addition to market returns on forgone production. 
Under 50/85, cotton and rice producers would lose 30 percent of deficiency payments per idled payment acre 
(assuming 50 percent of maximum payment acreage idled), in addition to forgone market returns. 


” While the 0-50/85 and 0-50/92 provisions do not directly affect costs and revenues per unit-water applied in 
irrigated production (as reported in table 1), partial deficiency payments for idled acreage lessens the imputed 
contribution of water and other production inputs to producer income. The effective value of water is 
reflected in net market returns for irrigated program acres under production, plus the marginal increase in 
deficiency payments. 


*! Selected nonprogram crops may be planted on "normal flex" acreage (15 percent of base) and "optional flex" 
acreage (up to 10 percent of base) without affecting program base acreage. 


” Reductions in irrigated program production are not likely to have a significant impact on prices and 
competitive position for most commodities. With the exception of rice and cotton, irrigated program 
production accounts for a limited share of national field-crop production. 


” Acreage shifts to nonprogram soybeans, comprising the majority of total flex acres planted in 1992, may 
reduce water demand due to low consumptive requirements in irrigated soybean production. A shift to water- 
intensive alfalfa hay could result in increased water use. 
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Finally, commodity policy reform may influence adoption of water-conserving technologies, with 
potential effects on water demand. Use of improved irrigation systems has been relatively 
widespread in "water-scarce" areas with higher rates of irrigated program enrollment (for example, 
the Plains States). The decoupling of program benefits from production reduces incentives to invest 
in yield-enhancing irrigation technologies that utilize water more efficiently. At the same time, lower 
guaranteed commodity payments may limit investment capital available to farmers. While policy 
reform could slow irrigation improvements in some areas, other factors (such as rising water cost, 
limited water supplies, and water-quality controls) are likely to sustain technology investment through 
the 1990’s. 


Federal Water Policy Extensions 


Conservation benefits of commodity policy reform may be enhanced through a broader integration of 
commodity and water policies at the Federal level. Policy measures could be designed that combine 
commodity program and water conservation objectives. 


Conservation policy. One possible approach involves allocation of irrigation technical assistance and 
cost-share funding based on commodity program considerations, as well as traditional water use and 
supply factors. As commodity programs are an important determinant of water use, the need for 
conservation incentives should be evaluated within the context of commodity policy reform and its 
potential impact on agricultural water demand. Conservation-incentive programs may be more 
effective where reduced commodity supports and decoupling of program benefits lower the potential 
derived demand for irrigation water.“ In some cases, reduced supports that induce significant 
reductions in water demand could lessen the need for conservation-incentive measures. 
Consideration of commodity program effects is consistent with the recent targeting of limited 
conservation funding to areas of most critical need.” 


An alternative, although complementary, strategy links commodity program eligibility to local water 
use and supply conditions (Just and others, 1991). Under existing legislation, commodity income and 
price supports are applied nationally whereas the water scarcity problems they contribute to are of 
varying severity across regions. Program legislation could be modified to discourage excessive © 
agricultural water use in critical water-scarce areas (for example, ground-water overdraft regions or 
drainage basins with critical instream flow needs for environmental purposes). This could involve 
expanded compliance provisions for water conservation that tie program benefits to approved 
irrigation practices or that eliminate program eligibility for newly irrigated lands. Problems may arise 
in designating targeted regions, identifying approved practices, and monitoring program compliance. 
Nonetheless, precedent for addressing environmental and resource objectives through Federal 
commodity programs has been established under the sodbuster and swampbuster provisions of the 
1985 and 1990 farm bills. 


* Actual adjustments in irrigation water use may depend on financial and technical assistance to alter 
traditional irrigation practices. 


5 USDA conservation payments are currently targeted to specific land categories (or areas) under the 
Conservation Reserve Program (CRP), the Water Quality Incentives Program (WQIP), and the Small 
Watershed Program (P.L. 566). 
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Reclamation policy. USDA compliance provisions for water conservation could be coordinated with 
the Bureau of Reclamation (BoR). Under the Reclamation Reform Act of 1982, irrigation districts 
receiving Federal project water are required to submit a water conservation plan. Plan evaluation 
criteria are being developed in support of the Central Valley Project Improvement Act (1993) to 
encourage water-use efficiency within the project service area. The BoR is assessing the eventual 
use of these criteria to evaluate water conservation plans for Bureau projects throughout the West 
(Martin and others, 1994). 


Much attention has focused on the apparent inconsistency between USDA commodity policies and 
BoR water supply/pricing policies (Moore and McGuckin, 1988; Wahl, 1989; USGAO, 1991). At 
issue is the fact that Federal project water at often subsidized (below full-cost) prices may be used to 
produce surplus crops eligible for Federal price and income supports. Critics have called for 
elimination of commodity payments for program crop production on lands served by subsidized 
project water, arguing that an effective "double subsidy" increases government expenditures while 
encouraging excess irrigation in water-scarce areas. Counterconcerns focus on the uncertain effects 
of policy reform for aggregate water use and expenditures, the potential costs imposed on farmers 
and rural economies, and implementation costs for project lands involving multiple water sources and 
diversified crops.* 


Water marketing. The cevelopment of market mechanisms for transfer of agricultural water supplies 
is often cited as a means to meet emerging water demands in the West (Frederick, 1987; Wahl, 1989; 
Moore, 1991). Water markets would encourage the conservation and reallocation of agricultural 
water by providing farmers compensation for unused water entitlements. The potential for market 
transfers is significant, since the value of water in irrigation is often substantially less than its 
opportunity cost in alternative irrigated crops and nonagricultural uses (Gibbons, 1986). Recent 
sales of water rights in expanding urban areas of Arizona, Nevada, and eastern Colorado have ranged 
from $50/af to over $200/af in annualized value terms (Shupe and Ass., Inc., 1989).” At an 
estimated average return to irrigation of $33/af in western field-crop production (and still lower 
marginal returns to applied water), voluntary transfers of irrigation water rights are likely to enhance 
economic returns to regional water supplies.” 


Despite significant potential for water marketing, movement of agricultural water supplies remains 
limited. Legal and institutional barriers at the Federal, State, and local levels have restricted 
widespread development of operational markets for water. Meanwhile, political concerns have 
focused on secondary impacts of reduced agricultural activity on local communities. Where market 
structures are in place, distortions in farm input costs and output returns may discourage water 


* A proposed "double-subsidy" provision was debated under the 1991 Omnibus Water Bill (H.R.429); the 
Reclamation Projects Authorization and Adjustment Act of 1992 (Public Law 102-575) provides for a 
supplemental charge for water use on surplus program production within the Central Utah Project. 


”” Estimates reflect the annualized value of a permanent transfer of water rights at a discount rate of 5 
percent. A permanent water right valued at $2,000 has an annual discounted value of $100/af. 


* Although transfer values indicate strong demand for water in rapidly growing urban areas, they may not 
reflect nonagricultural demands generally. In addition, price-inelasticity of water demand in urban uses 
Suggests that transfer prices would decline significantly as the quantity of water transferred increases 
(Gibbons, 1986; Moore, 1991). 
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transfers to higher-valued agricultural and nonagricultural uses (Frederick, 1987; Gardner, 1987; 
Wahl, 1989; Moore, 1991). While efforts to expand water marketing are complex and controversial, 
recent policy reform under the Central Valley Project Improvement Act (Public Law 102-575) may 
signal an eventual relaxing of transfer restrictions on Federal water supplies throughout the West. 


Commodity policy reform measures are likely to enhance marketing opportunities for western water 
supplies in the 1990’s. With the decoupling of program benefits from production, future deficiency 
payments are largely unaffected by short-term reductions in irrigation water use. For example, 
protection of program benefits for cropland idled under the 0-50/92 provisions helped to encourage a 
temporary transfer of critical water supplies during the extended California drought (Mann and 
Moore, 1993). Reduced price and income supports through lower target prices and loan rates may 
provide additional incentive for long-term water transfers to nonagricultural uses. While this study 
indicates that commodity program revenue contributions to the western irrigated sector are 
substantial - ranging from $8/af in 1984 to $22/af in 1987 - commodity supports alone are probably 
not high enough to significantly restrict water marketing activity in most areas. Reduced support 
levels should nonetheless facilitate market transfers of agricultural water supplies once legal and 
institutional barriers to water marketing are eased. 
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Conclusion 


Federal commodity programs have accounted for a significant share of returns to irrigation in 
western field-crop production, particularly under less favorable market conditions. Reform measures 
under the current farm legislation - and prospects for further program adjustments in the coming 
years - are likely to reduce agriculture’s reliance on commodity supports through the 1990s. 
Opportunities exist for voluntary conservation of irrigation supplies as agriculture adjusts to changing 
farm commodity programs. Effects on aggregate water demand will depend, in part, on the regional 
importance of commodity programs to the irrigated crop sector. Water savings are potentially 
significant where program revenue contributions are historically large, or where lesser contributions 
account for a substantial share of returns to irrigation. Potential conservation benefits may be 
enhanced through a broader integration of Federal commodity and water policies that targets 
conservation to areas of critical need and facilitates water transfers to satisfy those needs. 
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Appendix: Study Data, Assumptions and Estimation Procedures 


Study Data 


Production costs and returns were assembled by study crop for the 17 western States. Sources for 
acreage, yield, price, and production cost data are outlined below. 


Acreage. State-level harvested acres reported by the National Agricultural Statistical Service (NASS), 
USDA, served as benchmark acreages for the study (USDA, 1984/1987). Acres irrigated in 1984 
were drawn primarily from the 1984 Farm and Ranch Irrigation Survey (FRIS), conducted by the 
Census Bureau, U.S. Dept. of Commerce (USDC), in cooperation with USDA (USDC, 1986).” 
Acres irrigated in 1987 were based on unpublished 1987 NASS estimates, and supplemented with 
data from FRIS and the Census of Agriculture (USDC, 1989). Appendix table 1 reports harvested 
acres by region and crop, irrigated and dryland, for 1984 and 1987. , 


Representative dryland production alternatives were specified for each irrigated crop by State (app. 
table 2). Selection of dryland alternatives was based on county-level cropping patterns for irrigated 
and dryland production from the 1987 Census of Agriculture (USDC, 1989). 


Acreage set-aside requirements, used to calculate opportunity cost adjustments for ARP-idled lands, 

reflect program provisions by crop for the 1984 and 1987 production years (USDA, 1989). 

Harvested base acreage in programs, used to calculate enrollment rates across total harvested acres 

by crop and State for 1984 and 1987, was obtained through the Agricultural Stabilization and 

Conservation Service (ASCS). As acreage estimates for irrigated enrollment were available for 1987 

only, irrigated enrollment as a percentage of total enrollment by crop and State is assumed to be 
equivalent across study years (app. table 3).” 


Planted-harvested acreage ratios were used to adjust deficiency payments (per planted acre) to a per- 
harvested-acre basis. Planted-harvested ratios were calculated based on NASS harvested and planted 
acres by crop and State for 1984 and 1987. Ratios were further adjusted for irrigated and dryland 
production, based on planted-harvested differentials reported in 1982 USDA crop enterprise budgets 
(USDA, 1985). 


Crop yield. State-level crop yields for irrigated and dryland production draw on NASS estimates for 
1984 and 1987, where available, and 1984 FRIS survey data. Crop yields are assumed equal across 
participating and non-participating acres. Program yields qualifying for deficiency payments in 1984 


> The 1984 FRIS draws on a sample of western irrigated farms surveyed under the 1982 Agricultural Census. 
Survey responses are statistically significant at the State level. 


» An historical comparison of national acreage diversions and total irrigated acreage suggests that 


irrigated/dryland enrollment ratios held fairly constant through the 1980’s. Adjustments in national irrigated 
acreage averaged about 10 percent of the annual adjustment in diverted areas (Quinby and Hostetler, 1990). 
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and 1987 were based on ASCS program yields by State, irrigated and dryland, for 1987. In 
computing opportunity costs of set-aside, it is assumed that the least productive acreage is idled and 
that potential yields on this acreage are 80 percent of NASS-reported yields (Dvoskin, 1989). 


Where climate varies significantly within a State, dryland yields in more arid irrigated-production 
areas may be substantially lower than state-average dryland yields. For selected irrigated crops, state- 
average yields for dryland crop alternatives were reduced by 10 percent in order to calculate the 
difference in per-acre returns across irrigated and dryland production (see app. table 2). Yield 
adjustments reflect judgment estimates of the author, based on consumptive moisture requirements 
for substate areas where irrigation is concentrated (USDA-SCS, 1976; Heimes and Luckey, 1982). 


Crop prices. Market prices for program crops are based on NASS season-average prices at the State 
level for 1984 and 1987. Market prices for alfalfa and other hay are based on NASS state-level 
monthly prices for September. Target prices, loan rates, and deficiency payment rates reflect ASCS 
rate provisions for program crops in effect for 1984 and 1987 (USDA, 1989). See appendix table 4 
for average market prices and commodity program support levels, 1982-93. 


Water application rates. Water application rates for 1984 are based on survey data by crop and State 
from the 1984 FRIS. Water application rates for the 1987 production year are based on ERS 
estimates for nonsurvey years that account for changes in both seasonal precipitation and 
improvements in water-use efficiency (app. table 5) (Quinby, 1994). Application rates by crop are 
assumed equivalent across program and nonprogram acres.” 


Production costs. Water costs by crop and State for 1984 are based on survey data from the 1984 
FRIS. Water costs for the 1987 production year are based on 1984 cost estimates, adjusted to reflect 
differences in water application rates and price-indexed to 1987. Variable water costs reflect an 
acreage-weighted average of energy costs for pumping and pressurization (ground and surface water) 
plus costs of purchased surface water. 


Nonwater costs involving chemical, energy, labor, and machine inputs are based on state-level 
production data in the Irrigation Production Data System, price-indexed to 1984 and 1987 (Schaible 
and others, 1989). Conservation compliance costs for ARP set-aside lands (e.g., cover establishment, 
weed control) reflect ASCS survey data and published budget estimates (Krenz and Garst, 1985). 
Forgone production costs on idled acreage are assumed equivalent to actual costs on harvested acres. 


Crop returns. Market and program revenues over variable production costs per acre were calculated 
by major field crop for irrigated and dryland production at the State level. Returns are reported by 
western production region (all field crops) and by field crop westwide (app. table 6 and app. fig. 1). 


*' Prior to 1985, program yields were revised annually by farm based on a moving average of harvested yields 
over the preceding 5-year period. The 1985 farm bill fixed the level of program yields for subsequent years at 
1984 levels. Deficiency payments are calculated based on program yields over eligible payment acreage, 
irrespective of actual harvested yield. 


* Irrigators with fixed water entitlements (or pump capacity limits) may elect to apply water more intensively 
over a smaller planted acreage under the commodity programs. The resulting change in application rates is 
not considered to be significant area-wide. 
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Study Assumptions 


Estimated returns to irrigation reported in this study reflect underlying data, definitions, and analytic 
methods. Key assumptions are addressed briefly below. 


o The static nature of the analysis precludes a full assessment of potential production adjustments 
due to Federal crop commodity programs. The study focuses on returns to irrigation under 
observed market conditions, without attempting to quantify dynamic shifts in crop prices, cropping 
patterns, irrigated acres, and water use attributable to commodity programs. If one accounted for 
reduced market prices in the absence of set-aside requirements, program effects on returns per 
unit-water would likely be greater than those presented in this report.” 


o Returns to irrigation presented in this report represent season-average returns. Implicit in the 
“average return" measure is the assumption that all nonwater inputs are compensated at their 
marginal productivity, and returns above cost are attributable exclusively to water. "Marginal 
return", or return to the marginal increment of water applied, is often lower than average return 
due to diminishing marginal yields over an observed range of water applications. While average 
return to irrigation reflects total water applied over the crop season, a producer’s willingness to 
reduce applied water more accurately reflects the marginal value of water. Commodity program 
revenue contributions are more readily expressed as a share of average returns to irrigation, given 
the quasi-fixed nature of deficiency payments per acre. 


o Reliance on state-aggregate budget data masks considerable variation in production conditions 
within State boundaries. Sources of variation include topography, soil, climate, water availability, 
farm size, tillage practices, cropping alternatives, and irrigation technology. Each of these factors 
may affect production costs, water use and productivity, with varying impacts on returns to 
irrigation at the substate level. 


o Returns to irrigation presented here reflect prevailing conditions during the 1984 and 1987 study 
years. Returns will vary annually due to changes in commodity prices, program provisions, weather 
patterns, surface-water availability, and other factors. Longrun adjustments in water price, water 
supply, and irrigation technology will further influence returns to irrigation over time. 
Intraseasonal adjustments in crop moisture needs, precipitation, and other factors affecting the 
productivity of applied water over the cropping season are not addressed. 


o Estimated returns to irrigation reflect a shortrun time frame, based on single-season revenues over 
variable production costs. Returns are likely to be lower in a longrun, multiyear analysis in which 
all fixed production costs are fully accounted for. The magnitude of fixed-cost adjustments will 
differ across crops and regions due to variation in irrigation systems, machinery complements, and 
other capital assets. 


o Returns to irrigation are calculated based on quantity of water applied at the field level. However, 
only a portion of applied water is actually consumed in crop production. Irrigation drainage to 
streams and underlying aquifers may be available for reuse, thereby increasing potential returns 


3 Market price effects are likely to be minor for small grain and forage crops, as irrigated acreage enrolled in 
programs accounts for a -clatively small share of total U.S. production. 
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per unit of water supply in the basin. On the other hand, water conveyance losses from diversion 
point to field gate are not considered, although they may be significant in some cases (Solley and 
others, 1993). Accounting for net conveyance loss reduces effective returns to irmgation water. 


o Returns to irrigation are calculated based on farmlevel producer returns per harvested acre, net of 
forgone returns on set-aside acres. Estimates do not reflect irrigation-induced environmental costs 
due to ground-water overdraft, instream flow reductions, and irrigation drainage pollution. 
Inclusion of offsite and intertemporal social costs attributable to irrigation would lessen returns 
reported here. 


o Return estimates do not reflect the effect of base acreage idling provisions after 1985 or cropping 
flexibility provisions after 1990. While partial deficiency payments for idled program acreage may 
restrict total commodity program expenditures, reduced water use due to idling of irrigated 
cropland could potentially increase outlays per unit-water applied. Market-based returns to 
irrigation would likely increase with expanded production of nonprogram crops under the 0-50/92 
and flex provisions. The analysis does not consider producer payment limitations which may 
restrict aggregate farm program contributions to the irrigated crop sector. 


o Various other USDA program provisions affecting water use and returns to irrigation are not 
considered. These include payments for voluntary acreage reductions (Paid-Land-Diversion, 
CRP), export-enhancement payments, disaster payments, dairy program supports, cost-sharing for 
land improvements, technical assistance, and extension activities. Below-cost pricing for Federal- 
project water and energy is not examined, although price subsidies for irrigated production may be 
significant in some regions. The effect of income tax provisions is also not considered. Returns to 
irrigation would likely be lower than those reported here in the absence of programs designed to 
support farm income. 


o Return estimates reported here are "ex-post" since they reflect current-year market prices. 
Program participation decisions (and to a lesser extent, irrigation decisions) are made "ex-ante" 
based on expected market prices. While reported estimates reflect actual returns to irrigation for 
the production year, they may vary from preseason expected returns which drive production 
decisions, particularly where actual and expected market prices differ significantly. 


o Returns to irrigation are based on an analysis of primary field crops only. Irrigated acreage in 
study crops accounts for roughly 85 percent of total irrigated acreage in the West. Returns to 
irrigation in nonprogram vegetable and orchard production are not considered, although these 
crops account for substantial water use in some areas. Inclusion of higher-valued specialty crops 
would increase reported market returns to irrigation in major producing regions. 


o Crop returns to irrigation do not reflect the effect of cross-commodity effects in a whole-farm 
context. Under a cotton-alfalfa rotation, for example, the value of applied water in nitrogen-fixing 
alfalfa production is partly reflected in increased returns to cotton. In the case of forage crops 
such as hay and oats, returns to irrigation may be partly captured in the value of a livestock 
enterprise. Actual returns to irrigation may differ from those reported here, depending on 
interactions among farm enterprises. 


o Estimated returns to irrigation do not consider the effect of irrigation and commodity programs on 
producer risk. By ensuring crop-water needs during periods of drought, irrigation reduces the 
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likelihood of revenue loss due to yield decline and crop failure. Similarly, program enrollment 
lessens producer income variation through guaranteed crop loans and income supports. 
Accounting for risk adjustments would increase both the total return per unit-water and the 
contribution of program revenues reported here. 
Calculation of Returns to Irrigation by Crop and State 
The following equations summarize return calculations used in the study. Equations 1 and 2 
represent per-acre crop returns for irrigated and dryland production, based on market revenues plus 
commodity program contributions, net variable production costs. Program contributions include 
deficiency payment and loan supports, less compliance costs and forgone benefits on set-aside 
acreage, adjusted for planted/harvested differentials, and acreage-weighted across program and 
nonprogram production. Equation 3 represents shortrun, average returns to irrigation (net of 
dryland returns) per unit-water applied. 
(1) Returns per irrigated acre: 
NRAC.s = (1-Res) [Xes (Pcs) - CVes ss Cles] 
I 
+ Res [Y cs (P cs + LScs) + YPes (DPc) (1/Xes) Z CVes 3 Cles 
I 
7 (Yes (YL) (Pcs) * Nice ‘ Cles) (ARP of (1-ARP c)) 


- CC, (ARP, /(1-ARP¢)] 


(2) Returns per dryland acre: 
NR ecemgun cis) [Xo s (Pes) - CVes] 
t Re s [Xe s (Pes + LScss) + maces (DP) (Xe s) - CV cs 
OS Bes) aay cis) (ARP-/(1-ARPc)) 


- CC, (ARPo/(1-ARP.)] 


(3) Returns to irrigation (per acre-foot of applied water): 


NRAF; ; = (NRAC,s = NRAC,. s) / Wes 
I I D 


Symbols 


Parameters 

ARP Base acreage set-aside requirement (percent) 

Ce Compliance cost per acre set-aside 

CI Variable irrigation costs per harvested acre 

CV Variable (nonirrigation) production costs per harvested acre 

19h Deficiency payment rate (per unit program yield) 

LS Loan rate support (where loan rate exceeds market price) 

NRAC Average net return (total revenue less variable costs) 
per harvested crop acre 

NRAF Average net return to irrigation per acre-foot of applied water 

Pp Market price 

R Harvested acreage enrolled in commodity programs as a share of total 
harvested acreage (percent) 

W Average water application (af per acre) 

Xx Acreage expansion factor (planted/harvested acres) 

bY. Average yield per harvested acre 

YL Yield adjustment factor for less productive ARP set-aside lands 

YP Average per-acre program yield 

Subscripts 

Cc Crop 

CC Representative dryland crop alternative 

D Dryland 

I Irrigated 

S State 
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Appendix table 1 -- Distribution of harvested field-crop acreage by western region and crop, 
irrigated and dryland, 1984 and 1987 





1,000 acres 


1984 

Irrigated Wheat Corn Sorghum Soybean Cotton Rice Oats Barley Alfalfa Other-hay Total 
N. Plains 742 4,664 T2y 986 0 0 20 52 689 84 oe 
S. Plains 1,009 682 670 S7 1,620 408 12 39) LT 85 4,757 
N. Mountain 1,003 823 84 0 0 O° 128 ne OM, Ze 1,699 Tees 
S. Mountain 259) 64 63 0 498 0 0 110 632 288 1,914 
N. Pacific 412 185 0 0 0 0 aS 154 ie 575 2nLOS 
Smebaciric S21 278 43 0 1,400 450 25 216 975 Zin 4,120 
Westwide 3,946 6,696 1,580 1,042 37518 858 210 a 5,798 2,943 28,368 
1984 

Dryland Wheat Corn Sorghum Soybean Cotton Rice Oats Barley Alfalfa Other-hay Total 
N. Plains 25,030 6,654 5,823 5,254 0 0 ee OO 3,676 SOL 6,746 62,034 
S. Plains eo 918 sO Sis 3,455 0 318 Sa 3.53 4,365 23,056 
N. Mountain 8,700 23 346 0 0 0 154 oS 1,368 abot 13,786 
S. Mountain 367 25 233 0 0 0 0 0 63 117 805 
N. Pacific So l3 7 0 0 0 0 80 1,106 167 410 5,084 
S. Pacific 263 My 5 0 0 0 25 244 45 298 Siar 
Westwide 46,964 hee. LOGS S Se2e 3,455 0 By D2d Od ao aie LS ST 105,742 
1987 

Irrigated Wheat Corn Sorghum Soybean Cotton Rice Oats Barley Alfalfa Other-hay Total 
N. Plains 631 OnSaS 674 891 0 0 ee 50 617 74 8,281 
S. Plains 815 _ dense 567 53 1,506 269 aie 26 gO 92 4,1i2 
N. Mountain 940 803 61 0 0 0 110 OS 3,490 27.530 9,009 
S. Mountain ie 2 61 S56 0 351 0 0 66 583 276 TpeLrs 
N. Pacific 385 100 0 0 0 0 13 134 39 569 1,940 
S. Pacific 466 164 18 0 1,141 370 1 180 1,064 232 3,636 
Westwide 3,459 Os 6 944 aoe 639 156 oo 6,685 pre Zoos 
1987 

Dryland Wheat Corn Sorghum Soybean Cotton Rice Oats Barley Alfalfa Other-hay Total 
N. Plains 23,882 5 Om 4,646 5,474 0 0 2,344 S695) 5,491 6,219 Di poe 
S. Plains ages 736 2,493 327 3,294 0 270 29 399 4,768 To IO 
N. Mountain poe 19 169 0 0 ; 0 145 ZS L352 TLS Sela 
S. Mountain 228 8 95 0 0 0 0 0 47 104 482 
N. Pacific 2,440 4 0 10} 0 0 88 732 163 409 3,836 
Se Pacific 101 57 Z 0 0 0 a9 150 50 324 aS 
Westwide 42,168 Oped 7,405 SiO 3,294 0 2,886 eplaiz 7,502 SOLS Oa 


Source: Agricultural Statistics, USDA 
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Appendix table 2 -- Representative dryland production alternatives by irrigated crop, 
seventeen western states 


Irrigated crops 


Wheat Corn Soybean Cotton Sorghum Rice Barley Oats Alfalfa Qther-hay 
Dryland crop 
alternatives 
by State 1/ 
Northern Plains 
North Dakota Wht Corn Soy 3S ad _ =e Barl Oats Alf Ohay 
South Dakota Wht Corn Soy ae == -- Barl Oats Alf Ohay 
Nebraska Wht Sorg Soy -- Sorg -- Barl Oats * Alf Ohay 
Kansas Wht * Sorg, * Soy * -- Sorg * -- Barl * Oats * Alf * Ohay * 
Southern Plains 
Oklahoma Wht * Sorg Soy Cot Sorg -- Barl * Oats Alf * Ohay * 
Texas Wht Sorg * Sorg * Cot Sorg * Sorg Barl Oats * Peleam Ohay 
Northern Mountain 
Montana Wht Wht * -- -- -- -- Barl Oats Alf Ohay 
Idaho Wht Wht -- -- -- -- Barl Oats Alf * Ohay * 
Wyoming Wht Wht -- _ooot -- -- Barl Oats * Alf Ohay 
Colorado Wht Wht -- -- Sorg -- Barl Oats Alf Ohay 
Utah Wht Wht -- -- -- -- Barl Oats Alf Ohay 
Southern Mountain 
New Mexico Wht Sorg -- Wht Sorg -- Barl Oats Alf Ohay 
Arizona x x -- x x -- x x x x 
Nevada x -- ae == == re x x x x 
Northern Pacific 
Washington Wht * Wht * = == -- -- jakebedl ty Oatsi* Pree Ohay * 
Oregon Wht Wht -- -- -- -- Barl Oats * Alf * -- 
Southern Pacific 
California Wht * Wht -- Wht * Sorg Wht Barl * Oats Alf * -- 





-- = Irrigated acreage for a given crop was negligible. 
= State-average dryland yields (actual and program) were reduced by 10% in estimating returns to dryland 


crop alternatives. 
x = Dryland production was generally not feasible (i.e., dryland opportunity costs for irrigated production 


are zero). 
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Appendix table 3 -- Harvested acreage in commodity programs as a share of total harvested acreage in 
eligible program crops, by region and crop, irrigated and dryland, 1984 and 1987 


weer reece 1984 ---------------- ----------------- 1987 ---------------- 
Irrigated Dryland Total Irrigated Dryland Total 
enrollment enrollment enrollment enrollment enrollment enrollment 
as a share as a share as a share as a share as a share as a share 
of total of total of total of total of total o£ total 
irrigated dryland harvested irrigated dryland harvested 
tf; cropland cropland 
Percent 
All program crops, 
westwide: 48 47 47 87 84 84 
All program crops, 
by western region: 
N. Plains 56 48 49 98 87 89 
S. Plains 61 45 48 88 72 res 
N. Mountain 35 49 46° 76 86 83 
S. Mountain 50 48 50 72 57 63 
N. Pacific 27 40 38 73) S73 89 
S. Pacific 28 liz) 25 76 41 Tl: 
By program crop, 
westwide: 
Wheat 42 49 49 84 85 85 
Cor 52 51 52 97 93 95 
Sorghum 41 39 39 86 78 He 
Cotton 55 80 67 83 90° 86 
Rice 89 -- 89 92 -- Sea 
Barley 20 38 34 64 4 84 81 
Oats 3 14 es ge 48 47 





1/ Actual enrollment rates for irrigated and dryland acreage were not available for 1984. 
For this study, irrigated and dryland enrollment shares for 1984 were estimated based 
on reported irrigated/dryland shares by crop for 1987, and cropping patterns and total 
enrollment shares by crop for 1984. 


Source: ASCS enrollment data and NASS harvested acres. 


Appendix table 4 -- Market price, target price, loan rate, deficiency payment rate, 
and ARP set-aside requirement - by crop, U.S., 1982-93 


Neen ee eee ee ee ee eee ee ee ee eee aanEnanTEEEEEnannEREREnnreraenneenenernmemrm) 


Crop Unit Item Production year 
27 1982 1983 1984 1985 1986 1987 1988 1989 1990 T99L 1992 1993 
Wheat $/bu mrkt 3.45 Sree se ibe) 3.08 2.42 i OiT stay? Je Zou 3.00 3.24 320 
$/bu trgt 4.05 4.30 4.38 4.38 4.38 4.38 4.23 4.10 4.00 4.00 4.00 4.00 
$/bu loan /2 S55 3.65 SoU 3630 2.40 2.28 2n2r 2.06 95 2.04 outed 2.45 
$/bu def 0.50 0.65 1.00 1.08 as oe 0.69 OnS2 1.28 os 0.81 T7203 
xx ARP /3 0.15 0.15 0.20 On2 Om Or2e5 en One 7 Sm Ole To 0.10 0.05 OpLS 0.05 0.00 
Corn $/bu  mrkt 2055 Seo 2.63 2023 L250 1.94 2.54 Zo) 22e Qiu 207 2ho> 
$/bu trgt 2.70 2.86 BeOS 3203 3.03 S105 Zo 2.84 2S 2S 2S 2ial> 
$/bu loan F3 ANS 2205 2255 DS 1.92 1.82 ewe 1.65 Lee Our 62 nly 7/73 fond 2 
$/bu def 0.15 0.00 0.43 0.48 1.21 1.09 0.36 0.58 OF 52 0.41 ON7s 0.28 
-xx ARP 0.10 0.10 0.10 OF On 75 0.20 0.20 0.10 OF LOO 07.5. 0.05 0.10 


59.60. 65.60 58.90 56.30 52.40. 64.30 56.60. 66.20 67.10 58.10 54:90 58.00 
71.00 76.00 81.00 81.00 81.00 79.40 75.90 73.40 72:90 72290 72.90 72.90 
57.00) 55.00.55. 00 57-30.6155..00)5 522 25un51,.80 50. 0065002747223 e316 Ome son00 


Cotton $/cwt mrkt 
$/ewt trgt 
S$/cewt loan 


$/cwt def 23292522109 860 23/7 02600 di Om On 4 Ones ol.) 1.30) 10510 e207 300819540 

xx ARP 0.15 0.20 0.25 0.20 0.25 O25 ee O25 Of2 5a Oe 225 0.05 OF LOM OR075 

Rice $/cwt mrkt (dios SaaS 8.04 6.53 3075 tein 6.83 i235 6.70 7358 Seog) 8.50 
S/ewt trgt MOS Setar) eb koktey SRlSk) Shorty abbaGiy slatoals Slot) aMols7eh OM ehh allie ah Yao wal 

$/cwt loan 8.14 8.14 8.00 8.00 a20) Song 62: 6.00 5.40 52.85 4.70 Siao 

$/ewt def Zell Bini 3.76 3.90 4.70 4.82 area 300 4.16 Si Os 42. 4.21 

anes ARP OnLS 0.15 0.25 0.20 0.35 0735 0.25 0.25 0.20 0.05 0.00 0.05 

Sorghum $/bu mrkt 2.47 2.74 2-32 oS eo, 1.70 Zee) 2.10 Zinke 2.25 loo) 2235 
$/bu  trgt 2.60 2.72 2.88 2.88 2.88 2.88 Ze 2.70 2.61 2.61 2.61 2.61 

$/bu loan Zao 22 2.42 2.42 a 82 1.74 1.68 Le Su 1.49 Le 54 Ab XE) 1563 

$/bu def 0.18 0.00 0.46 0.46 1.06 1.14 0.48 0.66 0.56 0.37 0.72 0825 

xx ARP 0.10 0.10 0.10 OF OMe Ola S 0.20 0.20 0.10 OF OOO 5 0.05 0.05 

Barley $/bu  mrkt 2aL8 2547 eee Lo 8 oo LBL 2.80 2.42 2.14 2reLO 2.04 2.00 
$/bu trgt 2.60 2.60 2.60 2.60 2.60 2.60 2252 2.44 2.36 2236 2.36 2.36 

$/bu loan 2.08 2.16 2.08 2.08 re 5G) 1.49 1.44 1.34 ae ziG ats SY 1.40 1.40 

$/bu def 0.40 OR22 0.26 0.52 0299 0.79 0.00 0.00 0.20 0.62 0.56 0.67 

xx ARP 0.10 0.10 0.10 OF LOM O75 0.20 0.20 0.10 O51 On aOI07 5 0.05 0.00 

Oats $/bu mrkt 1.49 oe Ol, eS ee aba ZO): 1.49 ea: ee eo 2 3S 
$/bu trgt 50 1.60 1.60 1.60 1.60 1.60 D5: 125.0 1.45 1.45 5 1.45 

$/bu loan Ao ae 230 AifasS 2 esd OoS 0.94 Ono 0.85 0.81 0.83 0.88 0.88 

$/bu def 0.00 Ooi e 0.00 OF29 0.39 0.20 0.00 0.00 0.32 0535 Wosby 0.11 

-xx ARP 0.10 0.10 0.10 OF LOMO 7.5 0.20 0.05 0.05 0.05 0.00 0.00 0.00 

Soybean $/bu mrkt Siena: Toe 5.84 5305 4.78 5.88 7.42 S69 5.74 SS) feNe! 5.56 6.45 
loan 5.02 5.02 5.02 5.02 5.02 A 4.77 aS 4.50 5202 5.02 5.02 


Alfalfa $/ton mrkt Selsey! gras) 7S yA Ee) Gy OGY GEC OCESO) Chl Wl Fei al) GEiaioe Gey ei 


Other hay $/ton mrkt 54770055780 560 9055S. 608 S25 7055180 70,6065. S065. 10567 6 Ol 57/100mmo 0.190 


1/ mrkt = U.S. season-average market price; trgt = target price; loan = loan rate; def = deficiency payment 
rate; ARP = base acreage set-aside requirement. 


2/ 1982-85, basic loan rate; 1986-93, basic loan rate for cotton / announced (Findley) loan rate for all other. 


3/ Additional set-asides were provided for certain crops in selected years under the Payment-in-Kind Program 
and Paid-Land-Diversion Program. 


Source: Agricultural Outlook, USDA; Agricultural Statistics, USDA 


45 


Appendix table 5 -- Average water applied per acre in western irrigated field-crop production, 
by region and crop, 1984 and 1987 : 


Year Western Irrigated crops 
region 
Wheat Corn Sorghum Soybean Cotton Rice Oats Barley Alfalfa Other-hay Total 


(acre-feet / acre) 


1984 N. Plains 0595 26 1.20 0.81 = -- 0.84 0.85 MUESTO 36 Leelee 
S. Plains ak (oe 1.80 deze 1.60 0.91 Sol 1.00 0.96 ZO A! 3 6) 
N. Mountain 1.40 aS LO -- -- -- 1.47 Aero eso BL A(SY/ L169 
S. Mountain 2.65 2.90 2.24 ie 4.55 -- == 2.76 3.48 ae Ll, Siev35 
N. Pacific 1.70 eae =e a= =< -~ DOs), 1.54 2.20 Leo 5 2.01 
Seebaciric 2.00 3.20 ates eNO) 3S 3.00 Seo LO abe 7A) 3.80 nO Se 
Westwide - Lye 4 1.44 eG 0.86 2.26 4.46 1.40 lee) 2.37 1575 eos 
1987 N. Plains 0.91 LS. 1.04 0.84 == -- 0.76 0.61 ab sefal 0.92 Oe lds 
S. Plains OF99 69 LS 0.94 0.84 3.01 O85 0.81 Lava 0.92 toe 
N. Mountain 1.43 Tog 356 -- == == 1.60 1/54 1289 L750 268 
S. Mountain Ziel 2.36 eo == 4.61 -- aS 2.27 Saou ea Sols 
N. Pacific 16) 2S aioe ie ls ee aos 2.50 Ziel a oS 2.02 
S. Pacific Leo 3.03 2.51 == 3.20 5.26 1.43 1.62 3.90 ike a0 
Westwide 1.38 eri 1.16 0.85 Zale A531. 1.43 oS eos 1.60 L726 





Source: 1984 Farm and Ranch Irrigation Survey 
1987 ERS estimates (Quinby, unpublished) 


Appendix table 6 -- 


Average variable cost, market return, and commodity program revenue contribution per 


irrigated field-crop acre, by western region and crop westwide, 1984 and 1987 1/ 2/ 


eee ea 


1984 


1987 





All field crops, 
westwide 


All field crops, 
by western region 


N. Plains 
S. Plains 
N. Mountain 
S. Mountain 
N. Pacific 
S. Pacific 


By field crop, 
westwide 
Wheat 
Corn 
Sorghum 
Cotton 
Rice 
Barley 
Oats 
Soybeans 
Alfalfa hay 
Other hay 


Ally £zeldl crops, 
westwide 


All field crops, 
by western region 


N. Plains 
S. Plains 
N. Mountain 
S. Mountain 
N. Pacific 
Sou Paciere 


By field crop, 
westwide 
Wheat 
Corn 
Sorghum 
Cotton 
Rice 
Barley 
Oats 
Soybeans 
Alfalfa hay 
Other hay 


(1) 
Variable 
irrigation 
cost 

per acre 


(2) 

Total 
variable 
cost (TVC) 
per acre 


(3) 
Market 
revenue 
per acre 


(4) 
Commodity 
program 
revenue 
per acre 


(S) 
Market 
return 

above TVC 
per acre 
(3) - (2) 


(6) 
Combined 
return 
above TVC 
per acre 
(4) + (5) 


(7) 

Program 
revenue 

as a share 
of combined 
revenue 


(4) / (3+4) 


59.50 


48.30 
64.80 
47.00 
97.60 
55.40 
82.20 


49.30 
58.80 
5257.0 
68.10 
110.90 
44.30 
36.30 
SoG 0 
a0 
43.00 


55.40 


47.50 
58.40 
43.90 
90.30 
5 Ar. G 
SsE50 


46.80 
56.90 
46.60 
63.40 
108.10 
41.80 
35.70 
37.60 
66.80 
38.80 


209.90 


ETS 0 
2a e0 
134.90 
321.40 
183.10 
363.20 


169520 
2192210 
154.10 
379.10 
378.40 
141.50 
Siz 0 
LTO 
202.10 
2 ORO 


194.50 


174.90 
211.60 
125.90 
297.00 
174.70 
354.50 


163.80 
212.00 
146.70 
3572.90 
366.80 
135.80 
107.30 
109.90 
187.30 
109.50 


312.00 


290.70 
300.40 
223.50 
402.40 
29320 
495.50 


238.30 
367.20 
224.90 
492.50 
449.40 
207.90 
130.00 
206.10 
345.20 
124.70 


272.80 


246.80 
281.30 
170.60 
SOLO 
240.00 
540.40 


178.00 
Odeo 
154.10 
616.90 
494.20 
176.00 
£12730 
243.80 
280.10 

Die) 


28.20 


19.20 
62.20 


39.60 


52.70 


22.00 
2230 
18.60 
90.10 
248.70 


63.60 


SSO) 
90.90 
23.30 
46.00 
29.60 
91.80 


86.90 
119/150 
92.70 
114.30 
247.90 
32.80 


102.10 


117.00 
77.20 
88.60 
81.00 

110.60 

132.30 


69.10 
148.10 
70.80 
ris) 40 
71.00 
66.40 
14.80 
95.00 
143.10 


7B tes 0 


Teka EKy) 
69.70 
44.70 
94.10 
65.30 
185.90 


14.20 
79.20 


259.00 
127.40 
40.20 


LSsi79:0 
92.80 
-11.60 


1/ Estimates are acreage-weighted across program and nonprogram production. 
2/ Crop returns per irrigated acre are in contrast with returns to irrigation per unit-water (table 1), 
which were calculated net of dryland cost/returns. 
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